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RICHTER, C. P. Permanent series of prolonged pseudopregnancy periods in panhysterectomized rats. PHYSIOL. BEHAV. 
18(2) 245-253, 1977. — Use of the spontaneous running activity method showed that in domesticated rats 
panhysterectomy (removal of the entire reproductive tract ~ vagina, uterus and tubes) — resulted in permanent series of 
prolonged (18-22 days) pseudopregnancy periods. After panhysterectomy the rats were normally active showing regular 4 
or 5 day estrous cycles for 78-160 days before appearance of the first pseudopregnancy period. Periods of activity 
between pseudopregnancy periods showed regular 4 or 5 day estrous cycles and became shorter with time while lengths of 
pseudopregnancy periods remained the same. Panhysterectomized trapped wild Norway rats that are better equipped to 
withstand stress did not show the pseudopregnancy periods. Excessive secretion of cortisone or estrogen or of both in 
absence of the reproductive tract might account for lengthening of the life of the corporal lutea. The periods themselves 
could result from stress produced by loss of the reproductive tract. Pseudopregnancy periods do not depend on stimulation 


from the tip of the cervix. 


Panhysterectomy Pseudopregnancy Corticosterone 


IN the female rat, sterile mating, mechanical or electrical 
stimulation of the tip of the cervix of the uterus on the 
day of ovulation almost instantaneously produces a condi- 
tion known as pseudopregnancy which lasts 12 to 15 days. 
Vaginal smears show constant diestrus, spontaneous activity 
becomes reduced to a very low level and food intake 
increases to a definitely higher level. Prolactin is secreted by 
the anterior lobe of the pituitary; corpora lutea of the 
ovaries become persistent; 4 or 5 day cycles disappear; silk 
loops threaded through the walls of the uterine horns on 
the fourth day after stimulation of the tip of the cervix 
result in the formation of well-formed deciduomata by the 
seventh day of pseudopregnancy. At the end of 13 to 15 
days all of these symptoms disappear. The animal ovulates 
again and shows the 4 to S day estrous cycles in vaginal 
smears. These various observations suggest that the phe- 
nomenon of pseudopregnancy, certainly the initiation of 
pseudopregnancy, depends on presence of the reproductive 
tract. To test this suggestion a study was made of the 
effects produced on the pseudopregnancy phenomenon by 
total removal of the reproductive tract — vagina, body of 
the uterus and uterine horns and tubes. 

In these experiments, in absence of the reproductive 
tract, all of our information about pseudopregnancy phe- 
nomena had to come from records of spontaneous running 
activity. Spontaneous activity has proved its usefulness over 





Estrous Cycles 


a long period of time in the study of the estrous cycle of 
the rat and of effects of various forms of interference 
produced on the estrous cycle of rats [4,12]. It gives a 
complete picture of effects produced by panhysterectomy, 
particularly on the energy output. 

In the past, studies have been made by many workers on 
the role played by the uterus in the control of ovarian 
function. In 1966 Bland and Donovan [1] gave an excellent 
review and critique of the various studies. Many workers 
performed hysterectomy at different stages either of a 
single normal estrous cycle or of a single induced pseudo- 
pregnancy period. They concerned themselves largely with 
differences in effects produced on the corpora lutea with 
relation to timing of the hysterectomy in the normal or 
pseudopregnancy cycles. In contrast in the present study 
interest focuses on permanent changes produced in the 
ovaries by the panhysterectomy that do not manifest 
themselves for many months — and then in a series of 
prolonged pseudopregnancy cycles. 


METHOD 


Methods of measuring spontaneous running activity of 
rats have been described in detail [9,10]. Each animal is 
kept in a cage consisting of a small living compartment 
and a revolving drum. The animal has free access to the 
drum and is in no way forced to run. Limited space in 
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FIG. 1. Operative procedures for total removal of vagina, uterus and oviducts. 


the living compartment diverts most of the spontaneous 
activity into the drum where it can be measured by a 
cyclometer. Results of experiments carried on for over 50 
years in diverse fields — neurology, endocrinology, nutri- 
tion — have demonstrated the high degree of reliability 
and consistency of this method. That it should give such 
regular and consistent results is indeed surprising in view 
of the fact that running activity is voluntary. 

Daily records were made of running activity, food and 
water intake at 8 a.m. (Saturdays, Sundays and holidays 
inclusive). Importance of obtaining records every day will 
presently become clear. 

To serve as base lines, daily records were taken on 
each animal until its activity had reached a constant level 
and had shown regularly recurring 4- or 5-day peaks with 
corresponding appearance of cornified cells in vaginal 
smears. 


Operative Procedures 


Figure 1 illustrates our operative technique for re- 
moving the vagina, uterus, and tubes in one piece with a 
minimum of damage to the animal. To simplify interpre- 
tation of results of these experiments, I decided to 
remove all of the female reproductive tract rather than 
only the uterus or only a part of the uterus. The 
operation is essentially a panhysterectomy, and will here 
be referred to as such. (Drawings made for me by Mr. P. 
D. Malone of the Lahey Clinic). 


Figure 1A shows the exposure of the uterine horns and 
the bladder through a midline abdominal incision and 
freeing of the vagina through a circular incision; Fig. 1B 
and 1C show freeing of the vagina by blunt dissection 
with a cotton tipped toothpick, care being taken to 
protect the urethra in dissecting it away from the vaginal 
wall. Figure 1D shows location of the cut that frees the 
tubes from the ovaries; Fig. 1E and 1F show the freeing 
of the uterus by blunt dissection from the ureters, 
bladder; and rectum. The vagina, uterus and tubes come 
out in one piece. The animals showed no detectible 
external effects of this operation but a few showed 
various degrees of urine retention. This urine retention 
could result from section of the autonomic nerves to the 
urethra or bladder incidental to the removal of the 
reproductive tract. At the time these experiments were 
carried out we were not able either to produce the urine 
retention, or avoid it entirely with any consistency. 

Twelve females from our colony of domesticated Nor- 
way rats and 4 wild Norway rats (2 trapped in suburban 
Baltimore and 2 born in the laboratory) were used for the 
panhysterectomy experiments. The domesticated rats 
ranged in age from 73 to 220 days; ages of the 2 wild 
rats born in the laboratory were 71 and 101 days 
respectively. Ages of the 2 trapped young, vigorous wild 
rats were not known. 

At autopsy the endocrine glands, adrenals, ovaries, 
thyroid and pituitary, were removed, weighed, and fixed 
for histological study. 


PSEUDOPREGNANCY IN PANHYSTERECTOMIZED RATS 
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FIG. 2. Graph showing total daily records of spontaneous running activity, and cornified cells in vaginal smears, and food intake 
and weekly records of body weight. 


RESULTS 


Control Observations on Normal Female Rats 


Figure 2 shows a fairly typical record for a normal 
female rat. It comprises daily readings of total spontane- 
ous running activity, and food intake and percentages of 
cornified cells in vaginal smears; and weekly readings of 
body weight. Ordinates show daily activity in number of 
revolutions of the drum; body weight and food intake in 
grams. Peaks of activity and cornification of vaginal 
smears occurred with great regularity at intervals of 4 
days. Peaks of activity are very reliable indicators of 
occurrence of estrus and ovulation [12]. 

With few exceptions, normal rats maintain their activ- 
ity at constant high levels for many months or even years. 
Activity records collected on several thousand rats in this 
laboratory served as controls. 

Figure 3 shows a fairly typical activity record of a 
single pseudopregnancy period produced by mechanical 
stimulation of the tip of the cervix on a day of ovulation. 
Activity dropped almost instantaneously from a daily 
level near 16,000 revolutions to 2,300 revolutions and 
signs of the presence of the 4 day estrous cycles — 
activity peaks and cornified cells — completely disap- 
peared. Food intake increased. A peak of running activity 
accompanied by cornification of vaginal smears appeared 
12 days after the last peak. After the appearance of the 
first peak the animal soon returned to its normal daily 
level of activity and food intake and showed regular 4 
day estrous cycles of activity. Thus in some respects 
spontaneous running activity gives a more informative 


record of pseudopregnancy than 
smears. 

In my colony of rats, now over 55 years old, single 
isolated pseudopregnancy periods of the type shown in 
Fig. 3 occur spontaneously in about 1% of animals less 
than a year old and up to 5% of animals 2—3 years old. 
Very rarely periods may follow one another in series, 
then usually as a result of the presence of a pituitary 
tumor [8,9]. 


is given by vaginal 


Effects of Total Removal of the Reproductive Tract 


The record in Fig. 4 shows effects produced on 
spontaneous running activity of one of the domesticated 
rats by removal of the uterus, vagina and tubes. Ordinates 
show daily activity in number of revolutions of the drum; 
abscissas, ages in days. Before operation, this female (370 
CF) averaged about 22,000 revolutions per day and 
showed very regular 4 day peaks of running activity. 
After a short period of inactivity postoperatively it sud- 
denly became more active reaching a level about half as 
high as that present before the operation. It showed 14 
regular 4 day peaks of activity, which in the absence of 
vaginal smear readings can safely be regarded as days of 
estrus. Sixty-five days later activity dropped quite sud- 
denly to a very low level where it remained until appear- 
ance of a peak, 19 days later. During the following active 
phase the rat was less active but showed 6 estrous peaks 
before start of the next inactive phase lasting 20 days. 
During the next active phase this rat showed 10 estrous 
peaks of activity. The following inactive phase lasted 21 
days. The next active phase had 7 peaks. From then on 
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FIG. 3. Record for a rat of total daily running activity and cornified 
cells in vaginal smears showing 12 day inactive period and absence 
of cornified cells produced by mechanical stimulation of tip of the 
cervix. 
active phases became progressively shorter, lasting only 
one day while lengths of inactive phases varied only 
through a narrow range (16 to 19 days). Activity peaks 
became definitely smaller. The succession of active and 
inactive phases after panhysterectomy continued until the 
animal was killed 330 days later. Single day estrous days 
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could easily have been missed by the vaginal smear 
technique. 

Figure 5 shows a similar effect of panhysterectomy on 
total daily spontaneous running activity over a period of 
553 days. Here lengths of inactive phases ranged from 17 
to 24 days. Preoperatively this rat (371 CF) was very 
active showing regular 4 day peaks of activity. Postoper- 
atively it became totally inactive for a few days; then 
returned to an average level of 11,000 revolutions per day 
and showed fairly regular 4 day estrous cycles. Eighty days 
after operation it showed a sharp drop in activity to 
a low level and a 19 day inactive phase. Active phases 
became progressively shorter, finally having a length .of 
only a few days; after the animal became very inactive, 
inactive phases became difficult to measure accurately. 

Thus, in summary, after removal of the entire repro- 
ductive tract not just one cycle but a permanent series of 
prolonged pseudopregnancy cycles appeared spontane- 
ously. These changes occurred in 8 out of 12 domes- 
ticated rats. The effects produced in the 8 rats can be 
summarized as follows: J. The rats became less active; 2. 
Preoperative constant levels of activity were replaced by a 
series of alternating phases of activity and almost total 
inactivity; 3. Estrous activity peaks were present in active 
phases and absent in inactive phases; 4. Lengths of active 
phases ranged from 80 days to a single day. In most 
instances, active phases became progressively shorter with 
time; 5. Lengths of inactive phases as measured from the 
first day after the last peak of a daily active phase to the 
first peak of the following active phase, remained quite 
constant, ranging from 18-—22 days, (with the exception 
of a few periods of doubtful accuracy of 23-25 days), 
that is they were about five days longer than the usual 
pseudopregnancy periods; 6. Allowing for a short post- 
operative period of inactivity in a few rats the first 
inactive phase did not appear until 78—160 days after the 
operation; and 7. Appearance of these series of cycles 
occurred without any definite relationship to the stage of 
the estrous cycle of the female rat at the time of 
panhysterectomy. 


HYSTERECTOMY. VAGINECTOMY, AND SALPINGECTOMY 


EFFECT ON DAILY SPONTANEOUS RUNNING ACTIVITY 
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FIG. 4. Record of total daily running activity showing series of active and inactive phases produced by removal of the 
vagina, uterus and oviducts of a domestic Norway rat. 
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HYSTERECTOMY. VAGINECTOMY, AND SALPINGECTOMY 


ENGTH OF CYCLES IN DAYS. 
23 


FIG. 5. Record for another Norway rat treated as in Fig. 4. 


TABLE |} 


Age at Operation 


RAT No. in Days 
10 CL 129 
58 CF 219 

374 CF 90 
43 CN 88 

233 CG 192 

230 CY 228 

370 CF 78 

371 CF 89 

333 CF 94 

288 CT 105 

297 CU 127 

307 CG 125 


Table 1 summarizes observations on the 8 rats that 
showed the series of cycles and the 4 that failed to show 
the cycles. The first column gives the numbers of the rats; 
the second ages at hysterectomy; the third lengths of 
observation in days; the last division gives lengths of 
pseudopregnancy periods for the 8 rats; and notes for the 
4 failures. 

Failure of the 4 rats to show any pseudopregnancy 
periods and of 2 of the 8 rats to show more than 2 or 3 
periods could possibly be explained by the timing of the 
panhysterectomies during the normal estrous cycle. From 
study of our records I could not, however, establish such 
a relation to my satisfaction. 

Although only 1% or less of normal yearly rats from 
our colony show pseudopregnancy periods spontaneously, 


Length of Observation 


Lengths of Pseudopregnancy 


in Days Periods in Days 
203 16, 15, 18, 18, 16, 15 
193 20, 20, 20, 17, 21, K 
276 18, 18 
420 21, 21, 20, 22, 20, 22 
140 17, 21, 21, K 
391 22, 18 
333 19, 20, 21, 18, 18, 16, 19, 15, 17 
553 19, 18, 22, 19, 22, 18, 19 
18, 20, 24, 23, 16, 25, 24, 17 
18, 22, 23 
234 Irregular estrous cycles 
70 Optic tract operation 
153 Irregular estrous cycles 
178 Regular éstrous cycles 


mechanical or electrical stimulation of the tip of the 
cervix brings out pseudopregnancy with a 90% certainty. 
Of interest then is the fact that pseudopregnancy oc- 
curred in so many rats from which the entire reproductive 
tract had been removed. Clearly the tip of the cervix and all 
of the rest of the reproductive tract are not necessary 
for production of the pseudopregnancy cycles in domes- 
ticated rats. In trapped wild Norway rats the reproductive 
tract is not necessary for the constant maintenance of the 
estrous cycle. See Fig. 6. 


Similar Series of Pseudopregnancy Periods Have Been 
Produced in Various Forms of Stress or Debility 


Important for understanding mechanisms involved in 


250 RICHTER 


20000 HYSTERECTOMY AGINECTOMY, AND SALPINGECTOMY 


EFFECT ON DAI DAILY SPONTANEOUS RUNNING ACTIVITY 








18000 
{16000 RAT #121 CH FEMALE 
Sliao00 poe ae 5f5 
4 405 5 51 10 
4ralls 5 8 at ff f4 St He, 
12000 alls et 
10000 5 \ 
\ 
\ 
\ 
5 


27.67 ~=«61?:)«68hF: CG 6 6 5 16 2 5 1 2 4 4 24 4 4 24 


YUN JUL AUG SEPT Oct NOV DEC 
1959 4 OPERATION 


FIG. 6. Record for trapped wild Norway rat treated as in Figure 4. 
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FIG. 7. Record of total daily running activity and food intake showing pseudopregnancy cycles that followed severe stress produced 
by forced swimming and including results of test for presence of pseudopregnancy reaction. 


the appearance of series of pseudopregnancy periods in treatment with drugs or hormones [7]. Stress from a 
panhysterectomized rats is the knowledge that series of distended bladder might also have played a part. 

pseudopregnancy periods have been produced by a variety To be taken into account is not only the form of 
of forms of stress or debility: section of pituitary stalk stress but difference in ability to meet the stress. Thus, 
[5], forced swimming, severe fighting [9], prolonged after panhysterectomy none of 4 vigorous wild rats 


PSEUDOPREGNANCY IN PANHYSTERECTOMIZED RATS 


(having very large adrenals [6] showed any signs of 
pseudopregnancy periods. See Fig. 6. These rats remained 
active and showed normal 4 or 5 day cycles. 

Figure 7 shows the record of a rat in which pseudo- 
pregnancy periods appeared after a severe swimming stress 
[5]. This animal was forced to swim for 49 hours and 50 
minutes at age 360 days. Fifty days later the first inactive 
period of 15 days appeared and food intake increased; 
there followed 4 active periods separated by 3 inactive 
periods of 15, 15, and 16 days in length respectively. On 
the fourth day after the last peak, which was guessed (on 
basis of lengths of previous active phases) to be the start 
of a pseudopregnancy period, silk loops were imbedded in 
the uterus. Opened up 7 days later the animal showed 
multiple deciduomata, thus demonstrating the true 
pseudopregnancy nature of the periods. Pseudopregnancy 
was also established in the other stressed or debilitated 
animals. 

The prolonged length of the panhysterectomy periods 
constituted the only difference from the pseudopregnancy 
periods produced by stress or debility. 


Possible Significance of the Longer Periods of the Pseudo- 
pregnancy Cycles of the Panhysterectomized Rats 


Two observations may help explain the etiology of the 
longer lengths of periods. First, feeding normal rats for 
100 days a stock diet mixed with 0.01% to 0.04% 
cortisone made them quite inactive, but had only a slight 
effect on body weight. See Fig. 8. After resumption of 
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the stock diet without cortisone the rat became very 
active again, ate more food and gained weight at a slightly 
increased rate. However, after 65 days on the stock diet 
the rat began showing very regular pseudopregnancy peri- 
ods with inactive periods of 20, 22, 19, 20 and 20 days 
in length respectively. Inactive periods were 5—7 days 
longer than those found in pseudopregnancy produced in 
normal animals by stimulation of the tip of the cervix. 
Results of this experiment show that the long period of 
treatment with cortisone must have done damage to the 
animals that manifested itself in the permanent presence 
of a series of longer pseudopregnancy periods. Four other 
rats showed similar records. 

Figure 9 shows a slightly different type of record. This 
rat received estradiol in its stock diet for 140 days in 
doses (from 0.0001% to 0.01%). During this time it became 
less active and did not show any signs of the 
presence of estrous cycles. Fifty days after resumption of 
the stock diet it began showing single day bursts of 
spontaneous activity at regular intervals of 18-22 days, 
that is, also with periods 5—6 days longer than pseudo- 
pregnancy periods of normal rats. Four other rats treated 
in this way with estradiol showed similar results. 

On basis of these observations the suggestion can now 
be made that in the absence of all reproductive tissue in 
the panhysterectomized rats cortisone, estrogen, or both 
may be formed in excessively large amounts and thus act 
to lengthen the pseudopregnancy periods. 

The lengthening of the pseudopregnancy periods in the 
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FIG. 8. Record of total daily running activity and food intake and of weekly readings of body 
weight showing series of pseudopregnancy periods that followed long period of treatment with 
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FIG. 9. Record of total daily running activity showing pseudopregnancy cycles that 
followed a 140 day period of treatment with estradiol mixed in regular stock diet. 


panhysterectomized rats can be explained also in terms of 
effect of the operation on the life of the corpora lutea. 
Loeb showed in 1923, 1927 [2,3] that hysterectomy 
greatly extends pseudopregnancy of guinea pigs. Many 
other workers have confirmed and extended Loeb’s obser- 
vations [1]. Many workers have shown that hysterectomy 
performed in the pseudopregnant rat extends life of the 
corpus luteum to 20 days, almost as long as normal 
pregnancy (23 days). 


Pseudopregnancy Periods Do Not Appear Until a Long 
Time After Panhysterectomy, Stress, Drug Treatment, 
Ete. 


The first pseudopregnancy period after panhysterec- 
tomy or after severe stress, or in previous experiments 
after treatment with 1'*! did not appear in any of the 
animals in less than 78 days, in some not until after 160 
days [1]. After appearance of the first pseudopregnancy 
period, the others followed throughout rest of the ani- 
mal’s life. 

It would appear then that during this latency period 
some important permanent changes must occur in the 
animals, most probably in their brains. 


Results of localization experiments indicate that lesions 
in the neural pathway from the anterior hypothalamus to 
the hypophysis result in the appearance of pseudopreg- 
nancy periods, indirectly through removal of inhibitory 
impulses from the hypothalamus to the anterior lobe of 
the pituitary. It would then appear that after removal of 
this inhibitory influence prolactin is secreted and released 
at a constant rate indefinitely. A constant secretion of 
prolactin alone could not, however, account for the 
pseudopregnancy periods (Richter, unpublished). 


Possible Function of Pseudopregnancy Periods 


Results of present experiments showed that pseudo- 
pregnancy periods occurred in total absence of the repro- 
ductive tract, but it is known that they appeared in a 
wide variety of conditions, most of them involving stress 
in one form or another. 

It is possible then to consider in a series of active and 
inactive or pseudopregnancy phases that the latter repre- 
sent recuperation periods. And certainly they occur under 
a wide variety of conditions requiring recuperation or 
building up. 
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